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A MACH NUMBER OF 1.41
Samuel M. Dollyhigh, Odell A. Morris,
and Mary S. Adams
Langley Research Center
SUMMARY
An experimental investigation has been conducted to evaluate
a method for the integration of a fighter-type fuselage with a
theoretical wing to preserve desirable wing aerodynamic character-
istics for efficient maneuvering. The investigation was conducted
by using semispan wing-fuselage models mounted on a splitter plate.
The models were tested through an angle-of-attack range at a Mach
number of 1.41. The wing had a leading-edge sweep angle of 50°
and an aspect ratio of 2.76; the wing camber surface was designed
for minimum drag due to lift and was to be self-trimming at a lift
coefficient of 0.2 and at a Mach number of 1.40. Previous experi-
ence had indicated that the self-trimming feature of the wing is
extremely sensitive to the integration of the theoretical wing
with the fuselage. A series of five fuselages of various camber
was tested on the wing.
The results showed a complete loss of the self-trimming fea-
ture of the wing with the addition of an uncambered fuselage; how-
ever, a trimmed lift coefficient over twice that desired resulted
when the fuselage was cambered to follow the camber line of the
theoretical wing root section. The other three fuselages were
cambered in such a way that any longitudinal change in fuselage
cross-sectional area was distributed equally above and below the
theoretical wing camber surface. This method of integrating the
fuselage was chosen because it had been used successfully on super-
sonic transport configurations at higher Mach numbers and lower
design lift coefficients. The results show that this method of
cambering the fuselage is also applicable to fighter-type configu-
rations at lower supersonic Mach numbers.
Baseline or reference-point data are presented in the appen-
dix. These data are for an uncambered wing of the same planform
and thickness distribution and with uncambered fuselages.
INTRODUCTION
As part of a research program to advance fighter technology,
the National Aeronautics and Space Administration has undertaken
research related to highly maneuverable fighters. At supersonic
speeds, there is generally a problem sustaining the high turn
rates that fighters are aerodynamically capable of achieving.
This condition is usually the result of high drag associated
with the lift coefficients that are required for maneuverability.
For a typical aft-horizontal tail fighter, the drag due to trim-
ming the aircraft accounts for much of the total drag because of
increased longitudinal stability at supersonic speeds. In this
paper, consideration is given to a means of lowering the super-
sonic trim drag without sacrificing inherent longitudinal stabil-
ity at any Mach number.
The wing design procedure presented in reference 1 provides a
method to design wings that have a minimum drag for a given lift
and a zero pitching moment about a given reference point. Previous
experience (refs. 2 and 3) has indicated that the integration of
the fuselage with the wing is extremely sensitive. The desired
aerodynamic characteristics designed into the wing, especially
the self-trimming feature, could be either lost or overridden by
the addition of a fuselage.
Earlier research performed on this problem for supersonic
transport-type wings was reported in references 4 and 5. For
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fighters, however, the problem was suspected to be more acute
because the fuselage is generally larger relative to the wing plan-
form and the wing is designed for a higher lift coefficient; both
these conditions necessitate more wing camber for a fighter. This
report presents the results of an investigation into the problem
of cambering a fuselage to preserve the desired aerodynamic char-
acteristics of a typical fighter wing. The wing had a leading-
edge sweep angle of 50° and an aspect ratio of 2.76; the wing cam-
ber surface was designed for minimum drag due to lift and was to
be self-trimming at a lift coefficient of 0.2 and at a Mach number
of 1.40. Five fuselages of various camber were integrated with
the wing; they were bodies of revolution with a cross-sectional
area distribution typical of an equivalent cross-sectional area
distribution of a single-engine fighter. Wind-tunnel tests of the
five wing-bodies were conducted in the Langley 4-foot supersonic
pressure tunnel at a Mach number of 1.41.
Also presented is an appendix which contains data for two
straight fuselages on an uncambered wing of the same planform and
thickness distribution. One fuselage was area-ruled with respect
to the wing while the other was not. These data were taken to
determine'the accuracy of the test technique and are presented in
this paper to serve as a baseline for the effects of both win-g and
body camber.
SYMBOLS
The force and moment coefficients are referenced to the sta-
bility axis system. The moment reference point was located at
fuselage station 53.39 cm (0.40c).
A cross-sectional area, cm^
b span, cm
Drag
Cp drag coefficient,
qS
Lift
CL lift coefficient,
qS
CL des design lift coefficient
Pitching moment
C pitching-moment coefficient,
qSc
c streamwise chord, cm
cr theoretical root chord of wing
c mean aerodynamic chord, cm
L/D lift-drag ratio
M free-stream Mach number
q free-stream dynamic pressure, Pa
r body radius, cm
S reference area of wing including fuselage interrupt
x longitudinal distance, positive rearward from nose, cm
x • longitudinal distance, positive rearward from leading
O
edge of wing, cm
y lateral distance from center line of airplane, cm
z vertical ordinate, positive up, cm
ZG wing camber ordinate with respect to leading edge
of wing, cm
a angle of attack, deg
DESCRIPTION OF MODEL AND INSTRUMENTATION
A planform drawing of the model is shown in figure 1. The wing
planform was a clipped arrow with a leading-edge sweep angle of 50°
and an aspect ratio of 2.76. The taper ratio of the theoretical
planform was 0.20 and the notch ratio was 0.157. The streamwise air-
foil thickness distribution was that of an NACA 65A004.5 airfoil. The
wing had a camber surface that was designed for minimum drag due to
lift at a Mach number M of 1.4 and a lift coefficient CL of 0.2
by the method of reference 1. The camber surface was also designed
so that the wing would be self-trimming about a center of gravity
at 40 percent of the mean aerodynamic chord. The wing camber sur-
face ordinates are given in table I and are shown in figure 2.
Five fuselages were integrated with the wing. Fuselage radii
and center-line camber ordinates are given in table II for the five
fuselages tested. Profile drawings of the five fuselages are shown
in figure 3- The camber line of the theoretical wing root section
is shown inside each of the fuselages at its proper location with
respect to the body. All the fuselages were designed from the
same basic body, which was an uncambered body with a Sears-Haack
nose, followed by a constant area body (same radii as the straight
body that was not area-ruled in the appendix). All the fuselages,
were area ruled and all except fuselage 1 were cambered to form
the five fuselages tested. The design point for area rule and
camber was M = 1.U and CL = 0.2. The fuselages were area-ruled
by the method of reference 6 so as to account for the different
body cambers with respect to the wing. Fuselage 1 was not cam-
bered, whereas fuselage 2 had the greatest camber which was equal
to the theoretical root-section camber of the wing. Following the
method presented in references 1 and 5, fuselages 3 to 5 were
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cambered so that the longitudinal rates of area change above and
below the wing camber surface were equal. Fuselages 3j 4, and 5
had 10.0,. 50.0, and 65.0 percent, respectively, of the cross-
sectional area above the wing camber surface at approximately the
quarter-chord of the root section. For this particular wing,
65.0 percent of the area above the wing camber surface at the
root quarter-chord was as low as the wing could be placed with
respect to the fuselage and still satisfy the equal-area-change
requirement without placing the theoretical wing outside the fuse-
lage. In general, because of the nature of supersonic camber sur-
faces (fig. 2) designed by the method of reference 1, any low-wing
configuration would be difficult to camber by the equal-area-
change method.
Each of the five fuselages was constructed as a half-body of
wood and was attached to a half-span steel wing. The wing was in
turn mounted on a four-component balance housed within the splitter
plate. A clearance of 0.03 to 0.05 cm was maintained between the
wing and the splitter plate. The wing and the plate moved through
an angle-of-attack range as a unit. In order to avoid flow dis-
turbances where the half-body extended beyond the leading edge of
the splitter plate, a mirror image of this portion of the body
was mounted to the back surface of the splitter plate. The small
gap was maintained between these half-bodies so that the proper
forces and moments were measured.
TESTS AND CORRECTIONS
The tests were conducted in the Langley 4-foot supersonic pres-
sure tunnel at a Mach number of 1.41, at a stagnation temperature
of 317 K, and at a stagnation pressure of 70 878 Pa. The tests
were conducted at a Reynolds number per meter of 9.84 * 10°. The
dewpoint was held sufficiently low to prevent measurable conden-
sation effects in the test section. Tests were made through an
angle-of-attack range of approximately -4° to 10° or to as high an
angle as balance load limits permitted. The body base pressures
were measured and the drag forces were adjusted to correspond to
the condition of free-stream static pressure at the base of the
model. In order to insure boundary-layer transition to turbulent
flow, 0.16-cm-wide transition strips of No. 60 carborundum grit
were applied 1.02 cm streamwise on the wing and 2.54 cm aft of the
nose on the fuselage. The transition strips are shown to be ade-
quate, according to the method of reference 7.
DISCUSSION OF RESULTS
The analytical method of reference 1 was used to design the
wing camber surface. The numerical method, which is based on lin-
earized theory, calculates a camber surface that will support an
optimum lifting-pressure distribution at a specified lift coeffi-
cient and Mach number. The method does not consider thickness pres-
sures; therefore, an airfoil thickness distribution is preselected
and is distributed symmetrically about the camber surface. For the
exposed wing, this distribution is not a problem since the wing
thickness ratio is primarily constrained by considerations of wave
drag, structural weight, wing fuel volume, and landing-gear location.
However, the separation of drag due to volumetric displacement of the
body and the wing and drag due to lift is of greater concern when
the fuselage is integrated with the theoretical wing design. Refer-
ences 4 and 5 cover previous work at Mach number 2.0 or higher in
the integration of a fuselage and wing for a transport-type configu-
ration. In these references, the wing design loading distribution
was found to be essentially unchanged if the change in fuselage
cross-sectional area was distributed equally above and below the
wing camber surface. More explicitly, the change in cross-
sectional area with length (3A/3x) above and below the wing cam-
ber surface must be the same for each fuselage station. Although
this method does not strictly adhere to a symmetrical local thick-
ness about a wing camber surface, it was found to give satisfactory
results. Fighter-type aircraft, however, tend to have larger fuse-
lages relative to wing planform area than transports; thus, a
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greater percentage of the theoretical wing planform is covered.
Fighters also tend to need greater fuselage camber than transports
because the wing is more highly cambered due to the requirement for
higher lift coefficients. The applicability of the area-balancing
method to fighter-type configurations at a more pertinent Mach num-
ber for fighters is investigated in this paper. As part of the
program, a computer code has been written that cambers the fuselage
with respect to the wing camber surface. Since the equation to be
satisfied
below
does not have a sense of direction, a key station is designated and
the wing position or a percent cross-sectional area is specified
and the remaining fuselage stations are sheared to result in the
desired fuselage camber. Interactive graphics are incorporated via
a cathode ray tube so that a visual check of the results is avail-
able. In this process, the operator may intervene if the results
are not satisfactory or if the rate of longitudinal area change
cannot be balanced about the wing camber surface. The operator has
the option of either changing the initial conditions and restarting
at the original key station or designating a troublesome station as
the key station and proceeding. For the fuselages tested in this
investigation, the key station was designated to be the quarter-
chord of the root section and the fuselages were then cambered by
using the computer code. Fuselages 3> ^> aid 5 were cambered so
that the wing-fuselage intercept was in the high, mid, and low
position, respectively. In the low-wing position, difficulty is
generally encountered in achieving the proper distribution of cross-
sectional area because the trailing edge of the root camber line
tends to lie outside the fuselage.
Sixty-five percent of the cross-sectional area above the wing
camber plane at the root quarter-chord was as low as the wing could
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be placed without encountering a problem at the trailing edge of
the wing. A look at the spanwise slopes of the wing camber surface
(fig. 2) will show why this is true. Figure 2 shows in nondimen-
sional form the.camber surface of the wing with respect to the
leading edge (i.e., leading edge at z0 = 0.0).C*
The data in figure 4 bracket the extremes in integrating a
fuselage with a wing camber surface. Also shown are aerodynamic
data for the wing alone, for an uncambered fuselage (fuselage 1),
for a fuselage with 50 percent of the area distributed above the
wing camber plane, (fuselage 4), and for a fuselage that follows
the wing-root camber line (fuselage 2). The pitching-moment data
show that the combination of fuselage M and wing has a value of Cm
close to that of the trim lift coefficient of the wing alone. The
trim lift coefficients of fuselages 1 and 2 are approximately 0.25
below and above the design lift coefficient, respectively. Although
fuselage 1 has a little less drag than fuselage 4, it is not trimmed
and, as pointed out earlier, a trim drag penalty would be required.
Figure 5 shows the effect of moving the wing, either up or
down, with respect to the body. Fuselages 3 to 5 have all been
cambered such that the longitudinal rate of area change is dis-
tributed about the wing camber surface. There are some changes
in pitching moment and drag due to the high position of the wing
(i.e., fuselage-3—wing configuration with 10 percent of fuselage
cross-sectional area above the wing camber surface at root quarter-
chord has a slightly higher drag and pitching moment than the other
combinations). The low-wing (65 percent of the area above the .wing
camber surface at root quarter-chord) configuration was essentially
unchanged from the mid-wing (50 percent rof the area above the wing
camber surface at root'quarter-chord) configuration in longitudinal
aerodynamic characteristics. This difference between the high-
wing configuration and the other two is an indication of the high
sensitivity in pitching moment to fuselage camber. The high-wing
position results in a slightly greater net displacement of the
fuselage center line. The greater displacement is a result of
both the severe spanwise slopes in wing camber as the trailing
edge is approached and the fact that most of the change in area
above the wing camber surface is due to area rule. A significant
amount of cross-sectional area above the wing that is not involved
in keeping
above
tends to modulate the fuselage camber somewhat in the regions of
severe spanwise slopes in wing camber. A look at the spanwise cam-
ber surface near the trailing edge of the wing in figure 2 will show
why this is so. The high-wing body camber slightly overshoots and
then rises as the cross-sectional area increases. Although the wing-
fuselage closely approximates the desired characteristics, there is
apparently an oversensitivity in the extremes when the area either
above or below the wing camber surface is approximately the same as
the area that is added or substracted due to area rule.
CONCLUDING REMARKS
t
An experimental investigation has been conducted to evaluate a
method for the integration of a fighter-type fuselage with a theo-
retical wing to preserve desirable wing aerodynamic characteris-
tics for efficient maneuvering. The investigation was conducted by
using semispan wing-fuselage models mounted on a splitter plate.
The models were tested through an angle-of-attack range at a Mach
number of 1.H1. The wing had a leading-edge sweep angle of 50°
and an aspect ratio of 2.76; the wing camber surface was designed
for minimum drag due to lift and was to be self-trimming at a lift
coefficient of 0.2 and at a Mach number of 1.40. Previous experi-
ence has indicated that the self-trimming feature of a wing is
extremely sensitive to the integration of the theoretical wing
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with the fuselage. A series of five fuselages of various camber
was tested on the wing.
The results showed a complete loss of the self-trimming fea-
ture of the wing with the addition of an uncambered fuselage; how-
ever, a trimmed lift coefficient over twice that desired resulted
when the fuselage was cambered to follow the camber line of theo-
retical wing root section. The other three fuselages were cambered
in such a way that any longitudinal change in fuselage cross-
sectional area was distributed equally above and below the theo-
retical wing camber surface that was enclosed by the fuselage. The
three fuselages cambered by this method had the amount of cross-
sectional area above the wing camber surface at approximately the
root quarter-chord varied so as to form a series of high-, mid-,
and low-wing configurations. All three of these configurations
were self-trimming at approximately the design point of the wing
alone. However, there was an indication of oversensitivity in
fuselage camber if the wing was placed extremely high or low so
that the area above or below the wing camber surface is approxi-
mately the same as the area that is added or subtracted because
of area rule.
Langley Research Center
National Aeronautics and Space Administration
Hampton, VA.23665
August 3, 1976
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APPENDIX
DISCUSSION OF UNCAMBERED FUSELAGES . .
Preliminary to designing the five cambered fuselages, two
uncambered fuselages were tested on an uncambered wing with plan-
form and thickness distribution identical to the cambered wing
used in this investigation. One fuselage was area-ruled with
respect to the wing and the other was not. The body radii for
these two bodies are given in the following table:
x,
cm
0
.508
1.016
1 .524
2.032
2.540
3.810
5.08
7.62
10. 16
12.70
15.24
17.78
20.32
22.86
25 .40
2 7 - 9 4
30.48
33 -891
r,
(Not area-ruled),
cm
0
• .302
.505
.683
.841
.988
1.318
1.608
2.103
2.517
2.863
3 - 1 5 2
3 .391
3 .581
3.726
3 -830
3 .891
3-912
3.912
r,
(Area-ruled) ,
cm
0
.302
.505
.683
.841
.988
1 .318
1.608
2 .103
2.517
2.863
3.152
3.391
3 - 5 8 1
3 . 7 2 6 -
3.830
3.891
3.912
3 .744
*,
cm
36 .491
39.106
41 .712
4 4 . 3 1 8
46.927
49 .533
52. 141
54 .747
57 .353
59.962
62.568
65.242
67.782
70.388
72 .994
76.602
78.209
80.817
81.280
r,
(Not area-ruled),
cm
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3 - 9 1 2
3.912
3.912
3 .912
3 - 9 1 2
3.912
3 .912
3.912
. 3 .912
r,
(Area-ruled ) ,
cm
3.513
3.259
3.068
2.918
2.852
2.847
2.896
2.992
3.129
3 .264
3 - 3 9 1
3 - 5 1 0
3 - 6 2 7
3 .713
3.790
3 .843
3 .884
3.909
3 - 9 1 2
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APPENDIX
The fuselage that was not area-ruled served as a baseline from
which all the fuselages were derived by either area rule or
area rule and camber.
Model construction and test conditions were identical to
those used for the cambered fuselages. These data were taken to
check the reliability of the testing technique by using the semi-
span model mounted on a splitter plate. A drag reduction of 0.0020
was calculated by the method of reference 6 and was experimentally
realized for the effect of the area-ruled body at a Mach number
of 1.40. • This agreement is interpreted to indicate that the test
technique is reliable. These data are presented in figure 6 and
serve as a baseline for the effects of both wing and body camber.
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TABLE II.- FUSELAGE RADII AND CENTER-LINE CAMBER ORDINATES
(a) Fuselage 1 (b) Fuselage 2 (c) Fuselage 3
x,
cm
0
.508
1.016
1.524
2.032
2.540
3.810
5.08
7.62
10. 16
12.70
15.24
17.78
20.32
22.86
25.40
27.94
30.48
33.02
35.56
38.10
40.64
43.18
45.72
48.26
50.80
5 3 - 3 4
55.88
58,42
60.96
63.50
66.04
68.58
71.12
73.66
76.20
78.74
81.28
z,
cm
-1.313
-
r,
cm
0
.302
.505
.683
.841
.988
1.318
1.608
2.103
2.517
2.863
3.152
3 - 3 9 1
3.581
3.726
3.830
3.891
3.912
3.810
3.612
3.381
3.147
3.025
2.964
2.911
2.858
2.951
3.058
3.183
3.315
3.439
3.556
3.645
3.724
3.790
3.840
3.879
3.912
x,
cm
0
.508
1.016
1.524
2.032
2.540
3.810
5.08
7.62
10.16
12.70
15.24
17.78
20.32
22.86
25.40
27.94
30.48
33.02
35.56
38.10
40.64
43.18
45.72
48.26
50.80
53.34
55.88
58.42
60.96
63.50
66.04
68.58
71.12
73.66
76.20
78.74
81.28
z,
cm
2.316
1.918
1.290
.597
-.104
-.810
-1.481
-2.156
-2.725
-3-315
-3.813
-4.303
-4.717
-5.090
-5.423
-5.692
-5.718
r,
cm
0
.302
.505
.683
.841
.988
1.318
1.608
2.103
2.517
2.863
3.152
3.391
3.581
1
3-726
3.830
3.891
3.912
3.744
3.533
3.292
3.073
2.936
2.852
2.860
2.878
2.979
3.086
3.208
3.335
3.454
3.564
3.650
3.726
3.790
3.840
3.879
3.912
x,
cm
0
.508
1.016
1.524
2.032
2.540
3.810
5.08
7.62
10.16
12.70
15.24
17.78
20.32
22.86
25.40
27.94
30.48
33.02
35.56
38.10
40.64
43.18
45.72
48.26
50.80
53.34
55. 8B
58.42
60.96
63.50
66.04
68.58
71.12
73.60
76.20
78.74
81.23
z (
cm
0
1
-.018
-.287
-.597
-.973
-1.425
-1.941
-2.469
-3.155
-3.764
-4.041
-4.242
-4.366
-4.465
-4.539
-4.559
-4.483
-4.470
r,
cm
0
.302
.505
.683
.841
.988
1.318
1.608
2.103
2.517
2.863
3.152
3.391
3.581
3.726
3.830
3.891
3.912
3.754
3.508
3.264
3.020
2.850
2.802
2.814
2.870
2.951
3.066
3.195
3.332
3.437
3.520
3.637
3.731
3.79?
3.835
3.876
3.912
16
TABLE II.- Concluded
(d) Fuselage 4 (e) Fuselage 5
x,
cm
0
.508
1.016
1.524
2.032
2.540
3-810
5.08
7.62
10.16
12.70
15.24
17.78
20.32
22.86
25.40
27.94
30.48
33.02
35.56
38.10
40.64
43.18
45.72
48.26
50.80
53.34
55.88
58.42
60.96
63.50
66.04
68.58
71.12
73-66
76.20
78.74
81.28
z,
cm
0.996
.927
.721
.432
.099
-.269
-.645
-1.016
-1.415
-1.763
-2.062
-2.337
-2.588
-2.799
-2.936
-2.974
r,
cm
0
.302
.505
.683
.841
.988
1.319
1.608
2.103
2.517
2.863
3.152
3-391
3.581
3.726
3-830
3-891
3-912
3-744
3.523
3.284
3.211-
2.893
2.794
2.741
2.794
2.885
3.005
3-084
3.297
3.424
3.536
3-647
3.736
3.805
3.848
3.884
3.912
x >
cm
0
.508
1.016
1.524
2.032
2.540
3.810
5.08
7 -62
10.16
12.70
15.24
17.78
20.32
22.86
25.40
27.94
30.48
33-02
35.56
38.10
40.64
43.18
45.72
48.26
50.80
53-34
55.88
58.42
60.96
63.50
66.04
68.58
71.12
73.66
76.20
78.74
81.28
2,
cm
1.336
1.204
. .958
.668
.328
-.033
-.404
-.757
-1.110
-1.422
-1.732
-1.986
-2.223
-2.385
-2.449
-2.454
r,
cm
0
.302
.505
.683
.841
.988
1.318
1.608
2. 103
2.517
2.863
3.152
3.391
3-581
3.726
3-830
3.891
3.912
3-739
3.526
3.299
3.066
2.896
2.799
2.743
2.797
2.883
3-015
3.155
3-299
3.399
3-533
3-645
3-739
3.802
3.853
3.886
3-912
17
17.62
31.54
53.39 —-
81.28
Figure 1.- Model planform. Dimensions are in centimeters,
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Figure 2.- Camber surface of wing with respect to leading edge.
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Fuselage
Figure 3.- Profile view of models. Line inside fuselage
is theoretical camber- line of wing root section.
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Figure 4.- Effect of. fuselage camber.
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Figure 4.- Concluded.
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Figure 5.- Effect of fuselage area shift.
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Figure 5.- Concluded.
23
.04
a, deg
„ Effect of area rule on flat wing bodies.
Figure 6.- birecb
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Figure 6.- Concluded.
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